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Abstract
Using the local flavor SU(4) gauge invariance in the limit of vanishing vector
meson masses, we extend our previous study of charm meson scattering cross
sections by pion and rho meson, which is based only on the pseudoscalar-
pseudoscalar-vector meson couplings, to include also contributions from the
couplings among three vector mesons and among four particles. We find that
diagrams with light meson exchanges usually dominate the cross sections. For
the processes considered previously, the additional interactions lead only to
diagrams involving charm meson exchanges and contact interactions, and the
cross sections for these processes are thus not much affected. Nevertheless,
these additional interactions introduce new processes with light meson ex-
changes and increase significantly the total scattering cross sections of charm
mesons by pion and rho meson.
PACS number(s): 25.75.-q, 13.75.Lb, 14.40.Lb
I. INTRODUCTION
Since charm quarks may lose appreciable energies in a quark-gluon plasma via gluon
radiations, study of the charm meson spectrum in heavy ion collisions is expected to provide
useful information on the properties of the quark-gluon plasma formed in these collisions
[1,2]. However, charm mesons may interact strongly with hadrons during later stage of
heavy ion collisions, and this may also lead to changes in their final spectrum. To use charm
mesons as a probe of the properties of the initial quark-gluon plasma thus requires the
understanding of their interactions with hadrons. In a previous study [3], we have evaluated
the charm meson scattering cross sections with pion and rho meson in a simple hadronic
model that includes only the pseudoscalar-pseudoscalar-vector (PPV) meson interactions.
In that study, we have also neglected the exchange of charm mesons as it is expected to be
unimportant due to the large charm meson mass. Including form factors at the interaction
vertices, we have obtained a thermally averaged total cross section of about 10 mb in the
temperature range of interest. In a schematic model for the dynamics of heavy ion collisions,
we have found that the inverse slope of the charm meson transverse momentum spectrum is
significantly enhanced by their scatterings in the hadronic matter. As a result, the invariant
mass spectrum of the dileptons from the decay of charm meson pairs is expected to be
modified, which has been suggested as a possible explanation for the observed enhancement
of intermediate-mass dileptons in heavy ion collisions at SPS energies [4].
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In Ref. [5], Matinyan and Mu¨ller have used a similar hadronic Lagrangian to evaluate
the cross sections of charmonium absorption in hadronic matter. In contrast with the charm
meson scattering cross sections, they have obtained very small charmonium absorption cross
sections. The model has been extended in Refs. [6,7] by using the local flavor SU(4) gauge
invariance to include also interactions among three vector mesons and among four parti-
cles. Because of these additional interactions, the charmonium absorption cross sections
are increased by an order-of-magnitude. In this paper, we shall use this extended hadronic
Lagrangian to study the charm meson scattering cross sections by pion and rho meson.
The paper is organized as follows. In Sec. IIA, we introduce the hadronic Lagrangian
based on the local flavor SU(4) gauge symmetry. The interaction Lagrangians that are
relevant to charm meson scattering with pion and rho meson are then given in Sec. II B.
We also derive in this section the scattering amplitudes for these processes and give their
explicit expressions in Appendix A. Constraints on the scattering amplitudes as a result of
the conservation of SU(4) flavor current are then discussed in Sec. IIC, and an example
is shown in detail in Appendix B. After addressing in Sec. IID the problem of on-shell
divergence in some of the amplitudes, we fix the coupling constants in Sec. II E and introduce
in Sec. II F the form factors at interaction vertices. Numerical results for the charm meson
scattering cross sections are presented in Sec. III. In Sec. IV, we compare our results
with previous ones obtained using the PPV coupling and including only diagrams with light
meson exchanges. Finally, a summary is given in Sec. V.
II. CHARM MESON INTERACTIONS WITH HADRONS
A. hadronic Lagrangian with SU(4) Symmetry
We have previously introduced a hadronic Lagrangian with SU(4) symmetry for studying
the charmonium absorption cross sections by hadrons [7]. It starts from the free Lagrangian
for pseudoscalar and vector mesons,
L0 = Tr
(
∂µP
†∂µP
)
−
1
2
Tr
(
F †µνF
µν
)
, (1)
where Fµν = ∂µVν − ∂νVµ, and P and V denote, respectively, the 4 × 4 pseudoscalar and
vector meson matrices in SU(4) [3,7]. Introducing the minimal substitution,
∂µP → DµP = ∂µP −
ig
2
[Vµ, P ] , (2)
Fµν → ∂µVν − ∂νVµ −
ig
2
[Vµ, Vν] , (3)
leads to the following Lagrangian for the interacting hadrons:
L = L0 + igTr (∂
µP [P, Vµ])−
g2
4
Tr
(
[P, Vµ]
2
)
+ igTr (∂µV ν [Vµ, Vν ]) +
g2
8
Tr
(
[Vµ, Vν]
2
)
. (4)
Since hadron masses explicitly break the SU(4) symmetry, mass terms based on the experi-
mentally determined values are added to Eq. (4).
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B. scattering amplitudes
The above Lagrangian yields the following processes for charm meson scattering by π
and ρ mesons,
πD ↔ ρD∗, πD → πD, πD∗ → πD∗, πD∗ ↔ ρD, ρD → ρD, ρD∗ → ρD∗. (5)
There are also similar processes for anti-charm mesons. Fig. 1 shows the diagrams for the
eight processes in Eq. (5).
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FIG. 1. Diagrams for charm meson scattering by pion and rho meson. The numbers denote
different processes, and the Roman letters label the different amplitudes in a given process.
Expanding the Lagrangian in Eq. (4) using the 4 × 4 matrices for P and V , we obtain
the following interaction Lagrangians that are relevant to charm meson scattering:
Lρpipi = gρpipi~ρ
µ · (~π × ∂µ~π) ,
Lρρρ = −gρρρ∂µ ~ρν ·
(
~ρµ × ~ρν
)
,
LpiDD∗ = igpiDD∗ D
∗µ~τ ·
(
D¯∂µ~π − ∂µD¯~π
)
+H.c. ,
3
LρDD = igρDD
(
D~τ∂µD¯ − ∂µD~τD¯
)
· ~ρµ ,
LρD∗D∗ = igρD∗D∗
[(
∂µD
∗ν~τD¯∗ν −D
∗ν~τ∂µD¯
∗
ν
)
· ~ρµ
+ (D∗ν~τ · ∂µ~ρν − ∂µD
∗ν~τ · ~ρν) D¯
∗µ +D∗µ
(
~τ · ~ρν∂µD¯
∗
ν − ~τ · ∂µ~ρ
νD¯∗ν
)]
,
LpiρDD∗ = −gpiρDD∗ D
∗µ (2~τ · ~π~τ · ~ρµ − ~τ · ~ρµ~τ · ~π) D¯ +H.c. ,
LpipiD∗D∗ = gpipiD∗D∗
(
~π · ~π
2
)
D∗µD¯∗µ,
LρρDD = gρρDD
(
~ρµ · ~ρµ
2
)
DD¯,
LρρD∗D∗ = gρρD∗D∗ D
∗µ
(
2~τ · ~ρν~τ · ~ρµ − ~τ · ~ρµ~τ · ~ρν − ~ργ · ~ργgµν
)
D¯∗ν . (6)
In the above, ~τ are Pauli matrices; ~π and ~ρ denote the pion and rho meson isospin triplets,
respectively; while D and D∗ denote the pseudoscalar and vector charm meson isospin
doublets, respectively.
Using the above interacting Lagrangians, we have derived the amplitudes for all diagrams
in Fig. 1, and they are given in Appendix A. In general, the amplitude for a process n, before
summing and averaging over external spins and isospins, is given by the coherent sum of all
individual amplitudes that contributing to the process, i.e.,
Mn =
(∑
i
Mλk···λlni
)
ǫkλk · · · ǫlλl ≡M
λk···λl
n ǫkλk · · · ǫlλl (7)
where i runs through a, b, c for process 1 and a, b, c, d for all other processes, and ǫjλj denotes
the polarization vector of external vector meson j.
C. current conservation
Since the Lagrangian in Eq. (4) is generated from the free Lagrangian in Eq. (1) by
the minimal substitution, it is invariant under the local flavor SU(4) gauge transformation,
thus it is also invariant under the global flavor SU(4) gauge transformation. This invariance
remains valid after including degenerate pseudoscalar and degenerate vector meson mass
terms, leading to the conservation of a SU(4) flavor current. As a result, the scattering
amplitude for any process satisfies the following condition:
Mλk...λln pjλj = 0 , (8)
where pjλj is the momentum of external vector meson j. As an example, we show explicitly
in Appendix B that the condition Mλω
2
p4ω = 0 is indeed satisfied by the amplitude for
process 2, πD → ρD∗.
D. on-shell divergence
The amplitudes for diagrams 3b, 4a, and 6a become singular when the exchanged mesons
are on-shell. Since the on-shell process describes a two-step process, their contribution needs
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to be subtracted from the cross section. Several methods have been proposed to treat such
a singularity [8]. Since we are interested in charm meson scattering in hadronic matter,
the exchanged meson is expected to acquire an imaginary self-energy due to collisional
broadening. The one-step process then corresponds to keeping only the real part of the
propagator for the exchanged meson. However, a consistent evaluation of this effect also
requires the inclusion of vertex corrections due to the medium, which has not been carried
out even for light meson scattering in hadronic matter. We thus follow Ref. [3] by adding
an imaginary part of 50 MeV to the self-energy of the exchanged meson in the above three
diagrams. Since the width of D∗ in vacuum is very small (about 44 KeV) [9], the amplitude
for diagram 1c can also be very large when the center-of-mass energy of the initial pion and
charm meson is close to the D∗ mass. We thus also add an imaginary part of 50 MeV to the
self-energy of the D∗ meson in diagram 1c. In Sec. III we shall show that thermal averages
of these cross sections do not change much for values of imaginary self-energy between 5 and
500 MeV.
E. coupling constants
For the coupling constants in the interaction Lagrangians, we shall use empirical values
if they are available, i.e. gρpipi = 6.1 [10], gpiDD∗ = 4.4 [9]. gρDD = gρD∗D∗ = 2.52 [5,7]. Since
there is little empirical information on other coupling constants, we use the SU(4) relations
to determine their values, i.e.,
gρρρ = gρpipi, gpiρDD∗ = gpiDD∗gρDD, gpipiD∗D∗ = 2 g
2
piDD∗, gρρDD = 2 g
2
ρDD, gρρD∗D∗ = g
2
ρD∗D∗ . (9)
We note that the SU(4) symmetry gives the following relations among couplings con-
stants:
gρpipi
2
(3.0) = gpiDD∗(4.4) = gρDD(2.5) =
gρρρ
2
= gρD∗D∗ =
g
4
;
gpiρDD∗ =
gpipiD∗D∗
2
=
gρρDD
2
= gρρD∗D∗ =
g2
16
. (10)
The empirical values given in the parentheses are seen to agree reasonably with those pre-
dicted by the SU(4) symmetry.
F. form factors
Because of the finite size of hadrons, form factors are needed at interaction vertices. In
the present study, we take them to be the usual mono-pole form for vertices in the t and u
channel processes, i.e.,
f3(t or u) =
Λ2
Λ2 + q2
, (11)
where Λ is a cutoff parameter, and q2 is the squared three momentum transfer in the center-
of-mass frame, given by (p1 − p3)
2
cm
and (p1 − p4)
2
cm
, respectively, for the t and u channel
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processes. These form factors are different from that used in Ref. [3], where it is given by
f(t) = (Λ2−m2)/(Λ2−t), since the latter is not suitable for diagrams involving the charmed
meson exchange that has a large invariant four momentum transfer t.
As in Ref. [11], form factors at s channel vertices are taken as
f3(s) =
Λ2
Λ2 + k2
, (12)
with k denoting the three momentum of either the incoming or outgoing particles in the
center-of-mass, i.e., k2 = p2i,cm or p
2
f,cm.
After introducing the form factors at three-point vertices, the form factors at four-point
vertices can in principle be determined by requiring the total amplitude for a given process
satisfies the current conservation condition of Eq. (8) [12,13]. Since the uncertainty of
form factors involving charm mesons is already large for three-point vertices and the gauge
invariance is not valid once we use empirical vector meson masses, we choose not to follow
this more involved approach. Instead, we simply take the form factors at four-point vertices
to be
f4 =
(
Λ2
Λ2 + q¯2
)2
, (13)
where q¯2 is the average value of the squared three momenta in the form factors for the s, t,
and u channels, i.e.,
q¯2 =
5
6
(
p2i,cm + p
2
f,cm
)
. (14)
Since there is no empirical information on form factors involving charm mesons, we shall
use for simplicity the same value for all cutoff parameters and choose Λ as either 1 or 2 GeV
to study the uncertainties of our results due to form factors.
G. thermally averaged cross sections
For charm meson scattering in hadronic matter, it is useful to study the thermal average
of their cross sections. For a hadronic matter at temperature T , this is given by
〈σv〉 =
∫∞
z0
dz [z2 − (α1 + α2)
2] [z2 − (α1 − α2)
2]K1(z) σ(s = z
2T2)
4α21K2(α1)α
2
2K2(α2)
, (15)
where αi = mi/T, z0 = max(α1 + α2, α3 + α4), Kn’s are modified Bessel functions, and v is
the relative velocity of initial-state particles in their collinear frame [14].
III. NUMERICAL RESULTS
We first consider the case without form factors at interaction vertices, i.e., Λ = ∞. In
Fig. 2, the solid lines show the energy dependence of the total charm meson scattering cross
section for a given initial state, i.e., processes 1 and 2 for πD scattering, processes 3 and
6
020
40
60
No FF
Λ=2 GeV
Λ=1 GeV
0
20
40
60
2 3 4
0
20
40
5/2 3 4 5
0
20
40
σ 
(m
b)
√s (GeV)
piD piD*
ρD ρD*
FIG. 2. Total cross section as functions of energy without and with form factors.
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FIG. 3. Thermal average of the total cross section as functions of temperature without and
with form factors.
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4 for πD∗ scattering, processes 5 and 6 for ρD scattering, and processes 7 and 8 for ρD∗
scattering. We have also evaluated the thermal average of these cross sections, and they are
shown by the solid lines in Fig. 3 as functions of temperature.
To study the effects due to form factors, we take the value for the cutoff parameter Λ as
either 2 or 1 GeV. The results are shown in Figs. 2 and 3 by the dashed and dash-dotted
curves, respectively. As expected, magnitude of the cross sections decreases with decreasing
cutoff parameter. For the cutoff parameters used here, the cross sections for πD, πD∗, ρD
and ρD∗ scatterings are all roughly between 10 and 20 mb. Compared to the case without
form factors, we see that form factors only suppress modestly (by a factor of two of less)
the total cross sections and their thermal averages. This is due to the dominance of elastic
processes, which involve small momentum transfer near the threshold. In contrast, form
factors suppress significantly the cross section for J/ψ absorption by pion, e.g., the process
πψ → D∗D¯ is reduced by as much as a factor of 8 due to its large threshold [7].
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FIG. 4. Individual cross sections with form factors (Λ = 1 GeV) as functions of en-
ergy. Circles represent results based on the previous study that includes only the pseu-
doscalar-pseudoscalar-vector meson couplings and the light meson exchanges [3].
In Figs. 4 and 5, we show by the dashed and dot-dashed curves the cross sections for
individual processes and their thermal averages for a cutoff parameter of 1 GeV. It is seen
that cross sections for both processes 2 (πD → ρD∗) and 4 (πD∗ → ρD) increase from
zero at their respective threshold, while cross sections for processes 6 (ρD → πD∗) and
8 (ρD∗ → πD) diverge near threshold because they are exothermic. For the four elastic
processes 1, 3, 5, and 7, their cross sections are finite at threshold. We also note that elastic
processes are much more important than corresponding inelastic processes.
Fig. 6 shows the thermal averages of cross sections for processes 1, 3, 4 and 6 at T = 150
MeV as functions of the imaginary self-energy Γ of the exchanged meson. It is seen that
they do not vary much for values of Γ between 5 and 500 MeV.
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FIG. 5. Thermal averages of individual cross sections with form factors (Λ = 1 GeV) as func-
tions of temperature. Circles represent results based on the previous study that includes only the
pseudoscalar-pseudoscalar-vector meson couplings and the light meson exchanges [3].
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IV. COMPARISON WITH PREVIOUS RESULTS
In our previous study of charm meson scattering cross sections [3], we have considered
only the pseudoscalar-pseudoscalar-vector meson interactions, which lead to diagrams 1a-c,
2a-b, 3b-c, 4a, 4c, 5b-c, 6a, 6c, and 8a-b in Fig. 1. Since diagrams involving charm mesons
are expected to be less important, we have evaluated only those diagrams that involve the
exchange of light mesons (π or ρ meson), i.e., diagrams (a) in processes 1, 2, 4, 6, and 8.
These results are shown by circles in Figs. 4 and 5. Except for process 1 (πD → πD) near
the threshold, they are close to present results that include also charm meson exchanges
and contact terms. This comparison thus demonstrates explicitly that diagrams with light
meson exchanges dominate the charm meson scattering cross sections. This is in contrast to
the charmonium absorption cross section in hadronic matter, where inclusion of additional
couplings among three vector mesons and among four particles increases the J/ψ absorption
cross section by pion by an order of magnitude [6,7]. This is due to the absence of light
meson exchanges in charmonium absorption by hadrons.
We note that these additional interactions among three vector mesons and among four
particles yield new processes with light meson exchanges, i.e., diagrams 3a, 5a, and 7a.
We have checked that these diagrams also dominate the cross sections for these processes.
As shown in Fig. 4 and 5, these elastic processes are more important than corresponding
inelastic processes and thus increase significantly the total scattering cross sections of charm
mesons by pion and rho meson.
V. SUMMARY
In summary, we have studied the scattering cross sections of charm mesons by pion and
rho meson using a gauge invariant hadronic Lagrangian generated from the SU(4) symme-
try. This leads to interaction Lagrangians not only among two pseudoscalar mesons and one
vector meson but also among three vector mesons as well as among four particles. We have
found that the charm meson scattering cross sections are dominated by diagrams with light
meson exchanges. For the processes considered previously based only on the pseudoscalar-
pseudoscalar-vector meson interactions, these additional interaction Lagrangians do not in-
troduce new diagrams with light meson exchanges, and their cross sections are thus not much
affected. However, the interaction Lagrangians involving three vector mesons or four parti-
cles lead to new processes with light meson exchanges besides those considered previously
and thus increase the total charm meson scattering cross sections by hadrons. Therefore,
we expect as in the previous study that the charm meson spectra in heavy ion collisions can
be significantly modified by hadronic scattering.
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APPENDIX A
In this appendix, we give the explicit expressions for the amplitudes of all diagrams in
Fig. 1. We show only the reduced amplitudes without the polarization vectors of external
vector mesons and before summing and averaging over external spins and isospins.
For process 1, πD → πD, we have
M1a = gρpipigρDD
(
−ıǫijkτ
k
)
αβ
(
1
t−m2ρ
)
(s− u),
M1b = g
2
piDD∗ (τ
jτ i)αβ
(
1
u−m2D∗
)[
s− t−
(m2D −m
2
pi)
2
m2D∗
]
,
M1c = g
2
piDD∗ (τ
iτ j)αβ
(
1
s−m2D∗
)[
−t + u−
(m2D −m
2
pi)
2
m2D∗
]
. (A1)
For process 2, πD → ρD∗, we have
Mλω
2a = gρpipigpiDD∗
(
ıǫijkτ
k
)
αβ
(−2p1 + p3)
λ
(
1
t−m2pi
)
(p1 − p2 − p3)
ω,
Mλω
2b = gpiDD∗gρDD (τ
jτ i)αβ(−p1 + p2 + p4)
λ
(
1
u−m2D
)
(−2p1 + p4)ω,
Mλω
2c = gpiDD∗gρD∗D∗(τ
iτ j)αβ(p1 − p2)
γ
(
1
s−m2D∗
)[
gγγ′ −
(p1 + p2)γ(p1 + p2)γ′
m2D∗
]
×
[
(−p1 − p2 − p4)
λgγ
′ω + (−p3 + p4)
γ′gλω + (p1 + p2 + p3)
ωgγ
′λ
]
,
Mλω
2d = gpiρDD∗ (τ
iτ j − 2τ jτ i)αβg
λω. (A2)
In the above, pn denotes the momentum of particle n. Our convention is such that
particles 1 and 2 represent initial-state mesons while particles 3 and 4 represent final-state
mesons on the left and right side of the diagrams shown in Fig. 1, respectively. For vector
mesons, the indices µ, ν, λ, and ω denote the polarization components of external mesons
while the indices γ and γ′ denote those of the exchanged meson. The indices i and j represent
the isospin state of isospin-triplet mesons on the left of a diagram, while the indices α and β
represent those of isospin-doublet mesons on the right of a diagram. For the isospin-triplet
meson in the propagator the index k represents its isospin state.
The amplitudes for processes 4, 6 and 8 are related to above amplitudes for process 2 by
the crossing symmetry. For process 4, πD∗ → ρD, we then have
Mνλ
4a = Tˆ4M
λω
2a ,M
νλ
4b = Tˆ4M
λω
2c ,M
νλ
4c = Tˆ4M
λω
2b ,M
νλ
4d = Tˆ4M
λω
2d , (A3)
where Tˆ4 represents the replacement, p2 ↔ −p4, ν ↔ ω, and i ↔ j. For process 6, ρD →
πD∗, we have
Mµω6a = Tˆ6M
λω
2a ,M
µω
6b = Tˆ6M
λω
2c ,M
µω
6c = Tˆ6M
λω
2b ,M
µω
6d = Tˆ6M
λω
2d , (A4)
where Tˆ6 represents the replacement, p1 ↔ −p3, µ ↔ λ, and i ↔ j. For process 8, ρD
∗ →
πD, we have
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Mµν8a = Tˆ8M
λω
2a ,M
µν
8b = Tˆ8M
λω
2b ,M
µν
8c = Tˆ8M
λω
2c ,M
µν
8d = Tˆ8M
λω
2d , (A5)
where Tˆ8 represents the replacement, p1 ↔ −p3, p2 ↔ −p4, µ↔ λ, and ν ↔ ω.
For process 3, πD∗ → πD∗, we have
Mνω
3a = gρpipigρD∗D∗
(
−ıǫijkτ
k
)
αβ
(
1
t−m2ρ
)
× [(u− s)gνω + 4(pν
1
pω
3
− pν
3
pω
1
) + pν
2
(p1 + p3)
ω + (p1 + p3)
νpω
4
] ,
Mνω
3b = g
2
piDD∗ (τ
jτ i)αβ(−p1 − p3 + p4)
ν
(
1
u−m2D
)
(2p1 − p4)
ω,
Mνω
3c = g
2
piDD∗ (τ
iτ j)αβ(2p1 + p2)
ν
(
1
s−m2D
)
(−p1 − p2 − p3)
ω,
Mνω
3d = gpipiD∗D∗ δijδαβg
νω. (A6)
For process 5, ρD → ρD, we have
Mµλ5a = gρρρgρDD
(
−ıǫijkτ
k
)
αβ
(
1
t−m2ρ
)
×
[
(u− s)gµλ + 4(pµ2p
λ
4
− pµ4p
λ
2
) + pµ1 (p2 + p4)
λ + 3(p2 + p4)
µpλ
3
]
,
Mµλ
5b = g
2
ρDD (−τ
jτ i)αβ(−p1 + 2p4)
µ
(
1
u−m2D
)
(−p1 + p2 + p4)
λ,
Mµλ5c = g
2
ρDD (−τ
iτ j)αβ(p1 + 2p2)
µ
(
1
s−m2D
)
(p1 + p2 + p4)
λ,
Mµλ
5d = gρρDD δijδαβg
µλ. (A7)
For process 7, ρD∗ → ρD∗, we have
Mµνλω7a = gρρρgρD∗D∗
(
ıǫijkτ
k
)
αβ
(
1
t−m2ρ
)
×
[
(p1 + p3)
γgµλ + (p1 − 2p3)
µgγλ + (−2p1 + p3)
λgµγ
]
gγγ′
×
[
(−p2 − p4)
γ′gνω + (−p1 + p2 + p3)
ωgγ
′ν + (p1 − p3 + p4)
νgγ
′ω
]
,
Mµνλω
7b = g
2
ρD∗D∗
(
τ jτ i
)
αβ
(
1
u−m2D∗
)
× [(p1 + p4)
γgµω + (p1 − 2p4)
µgγω + (−2p1 + p4)
ωgγµ]
[
gγγ′ −
(p1 − p4)γ(p1 − p4)γ′
m2D∗
]
×
[
(p1 + p3 − p4)
νgγ
′λ − (p2 + p3)
γ′gνλ + (−p1 + p2 + p4)
λgγ
′ν
]
,
Mµνλω7c = g
2
ρD∗D∗
(
τ iτ j
)
αβ
(
1
s−m2D∗
)
× [(2p1 + p2)
νgγµ − (p1 + 2p2)
µgνγ + (−p1 + p2)
γgµν]
[
gγγ′ −
(p1 + p2)γ(p1 + p2)γ′
m2D∗
]
×
[
(−p3 + p4)
γ′gλω + (−p1 − p2 − p4)
λgγ
′ω + (p1 + p2 + p3)
ωgγ
′λ
]
,
Mµνλω
7d = gρρD∗D∗
[
(2τ jτ i − τ iτ j)αβg
µνgλω + (2τ iτ j − τ jτ i)αβg
µωgνλ − 2δijδαβg
µλgνω
]
. (A8)
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After averaging (summing) over initial (final) spins and isopsins, the cross section for a
process is given by
dσn
dt
=
1
64πsp2i,cmIsIi
Mλk···λln M
∗λ′
k
···λ′
l
n
(
gλkλ′k −
pkλkpkλ′k
m2k
)
· · ·
(
gλlλ′l −
plλlplλ′l
m2l
)
, (A9)
with s, t, u being the standard Mandelstam variables, and
p2i,cm =
[s− (m1 +m2)
2] [s− (m1 −m2)
2]
4s
(A10)
is the squared momentum of initial-state mesons in the center-of-momentum frame. The
factors Is and Ii are due to averaging over initial spin and isospins, respectively. Values of
Is are 1, 1, 3, 3, 3, 3, 9 and 9, respectively, for processes 1 to 8 in Fig. 1, while Ii is 6 for all
processes.
APPENDIX B
In this appendix, we show as an example that the scattering amplitude for process
2, πD → ρD∗, satisfies the condition of Eq. (8) as a result of the SU(4) flavor current
conservation. In particular, we shall prove that Mλω
2
p4ω = 0. Starting from Eq. (A2), we
obtain
Mλω
2a p4ω = gρpipigpiDD∗
(
ıǫijkτ
k
)
αβ
(
t−m2D
t−m2pi
)
(−2p1)
λ,
Mλω
2b p4ω = gpiDD∗gρDD
(
τ jτ i
)
αβ
(
u−m2pi
u−m2D
)
(−p1 + p2 + p4)
λ,
Mλω
2c p4ω = gpiDD∗gρD∗D∗
(
τ iτ j
)
αβ
(
1
s−m2D∗
) [(
s−m2ρ
)
(p1 − p2)
λ
+
(m2D −m
2
pi)(m
2
D∗ −m
2
ρ)
m2D∗
pλ
4
]
,
Mλω
2d p4ω = gpiρDD∗
(
τ iτ j − 2τ jτ i
)
αβ
pλ
4
. (B1)
In arriving at the above, we have discarded all terms with pλ
3
as they vanish after contracting
with the polarization vector ǫ3λ. Using the SU(4) relation for the coupling constants shown
in Eq. (10) then gives
Mλω
2
p4ω =
g2
8
(
τ jτ i
)
αβ
(
m2D −m
2
pi
)( −pλ
1
t−m2pi
+
pλ
2
u−m2D
)
+
g2
16
(
τ iτ j
)
αβ
[
2
(
m2D −m
2
pi
t−m2pi
)
pλ
1
+
(
m2D∗ −m
2
ρ
s−m2D∗
)
(p1 − p2)
λ
+
(m2D −m
2
pi)(m
2
D∗ −m
2
ρ)
m2D∗(s−m
2
D∗)
(p1 + p2)
λ
]
. (B2)
With degenerate pseudoscalar meson masses and degenerate vector meson masses, the above
expression then reduces to zero. For other amplitudes shown in Eqs. (A3)-(A8), the current
conservation condition can be similarly proved. We note that Mλω
2
p3λ = 0 holds for any
masses.
13
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